We describe an approach to teaching that engages students in small-group discussions of conceptual material. Then we describe software that mediates the discussions with an online textual newsgroup-like system that has special features to support a pedagogical approach that deals explicitly with student preconceptions. Our system, called INFACT-FORUM, is part of a larger CSCL system called INFACT that supports student discussion, computerassisted assessment, display of student progress data, and support for pedagogical intervention. Features of INFACT-FORUM are compared with those of other text conferencing facilities. We distinguish features that pertain primarily to instruction and learning from those that support electronic communication in general.
INTRODUCTION
In a recent report recommending methods for improving student learning (NRC 1999) , recognizing student preconceptions and using them to engage the students is given a high priority. One way to draw out these preconceptions is to ask students leading questions and have them answer the questions in small-group discussions. To do this in traditional classrooms typically requires making the groups too large to effectively draw out enough from each student, or it requires having a number of well-trained teaching assistants available to monitor each group.
Computer-based textual conferencing, on the other hand, can mediate any number of groups and allow the instructor to peruse student contributions asynchronously. There are other pedagogical advantages of computer-based interaction, including easier participation by some shy students, development of writing skills, and permitting anytime-anyplace participation (Funaro and Montell, 1999) . With an appropriate computer-based communication tool, students can carry out their discussions in a way that facilitates the discovery of preconceptions and makes it easier for a teacher to provide appropriate guidance.
After some experience teaching with such an approach, and using a freely available text-conferencing tool, we decided to design and implement a tool that better met the needs we identified.
THE FACET-ORIENTED ASSESSMENT/INTERVENTION PEDAGOGY

Working from Student Preconceptions
Recent studies of teaching and learning emphasize that teaching should be much less concerned today with the presentation of information and much more with assisting students to evolve their understanding away from their inexpert preconceptions towards more expert-like conceptions (NRC, 1999) . This kind of teaching requires that instructors take steps to discover what preconceptions their students have and help them either to build from those or to replace them. A particular methodology for discovering and working from students' preconceptions is sometimes called "facets" of understanding. A facet is a particular conception, often naïve or limited in its consideration of the relevant factors or phenomena, and it can be considered as an approximate understanding of some concept (Minstrell, 1992) . In a subject such as Newtonian mechanics, each concept, such as Newton's first law of motion, may have several associated facets. "In the absence of any force, an object in motion will tend to stay in motion." (an expert-level facet). "Any object in motion will eventually come to a stop." (a common inexpert facet based on everyday experience).
To instruct a student about a concept such as Newton's first law, first the instructor must provide a situation or question to draw out the student's preconception. For example, the instructor might present the student with a textual passage describing a hockey puck sliding on ice and ask for a prediction. Then the instructor must diagnose the preconception. Finally, some kind of intervention should be made or facilitated. This might be a recommendation to consider additional evidence or it might be to team this student up with another student to resolve the differences in their beliefs.
Contexts in Which to Elicit and Diagnose Facets
Given that a teacher wishes to use a facet-oriented pedagogy such as that above, the question arises as to how best to diagnose student facets. After all, this requires attending to individual students' responses and is time consuming. One method is to use a series of questions with multiple-choice answers. The DIAGNOSER project takes this approach (Hunt and Minstrell, 1994) . It has the advantage that questions can be designed to get directly at student facets within a relatively short time. Furthermore, the reliability of the diagnoses can be high.
One drawback of the multiple-choice approach, however, is that some students do not like the traditional, test-like format. Furthermore, students are not involved in collaborative learning while they are responding to the questions.
An alternative approach to eliciting and diagnosing facets involves the students in focused, small-group discussions, and uses their expressions in that context as the basis for diagnosis. Given the economics of personally monitoring many small groups simultaneously, having students conduct their discussions on the web with text-conferencing software is attractive. An additional benefit of web-based discussion, besides those already mentioned (Funaro and Montell, 1999) , is that the instructor directly obtains a machine-readable and potentially machine-analyzable transcript of the discussion. Unlike assessment with DIAGNOSER, students have more of a sense that they are engaged in an authentic kind of interaction, sharing ideas with peers, and being part of a community. The students' writing must then be analyzed. The analysis can be done with or without computer support, depending on the instructors' preferences. The results of diagnosis are entered into a database from which graphs and trend analyses can be made. We call this the INFACT approach to assessment.
The INFACT Teaching Cycle
In Figure 1 is shown a process diagram of the teaching cycle when using the INFACT approach. The first event in the cycle is the posting, by the instructor, of a challenge question for consideration by the students. Students are given approximately 24 hours to make individual responses to the question. These responses are only visible to the instructor(s) and their authors until the "curtain" is raised to make them visible within their particular groups. Group discussion proceeds until day 5, when each group is required to post a consensus answer to the original challenge with either an agreed upon single answer or a synthesis of remaining differences. Diagnosis by the instructor(s) can begin as soon as individual posts are available, and continues until enough assessment data is available upon which to safely base interventions appropriate to each student. The diagnosis process itself may be interactive, if the teacher chooses, so that the teacher may request clarification from a student before entering a facet diagnosis in the database. The teacher may also wish to email each student as a method of acknowledgement of the student's efforts in the discussion. The email message itself could contain suggestions for the individual student. The next step in the general process is for the teacher to identify general trends in the groups or class as a whole by requesting visualizations of the facet assessment data just collected. These trends would typically suggest particular teaching interventions to an experienced instructor. The instructor then implements the interventions, which might consist of any of the following: joining in on group discussions and posting suggestions or leading questions; offering a link to some web-based resource; or making adjustments to the memberships of the groups. If additional time is available, there could be additional subcycles of group discussion, diagnosis, and intervention. However, in practice, there is seldom time for much iteration on that level.
The INFACT approach to assessment poses several challenges not faced by the multiple-choice questionnaire method of DIAGNOSER. The first of these is the necessity of structuring the small-group discussions so that there is a high probability that students will reveal their facets as they participate. The second of these is the challenge of making accurate diagnoses efficiently from the students' writing. This paper is concerned primarily with the former and how the software itself can help structure the discussions.
INFACT-FORUM
In order to best support our teaching process, we decided to implement a custom textual conferencing facility. As a part of the INFACT suite of tools, we call this INFACT-FORUM. Let us explain its features and how it compares with some other text conferencing systems.
Features and Usage.
The intended users of INFACT-FORUM are teachers, students, and educational researchers. However, we lump researchers in with teachers and so the software has essentially two distinct categories of users. Teachers generally have "administrative" access, with powers to create student accounts, reset passwords, and censor postings with inappropriate content. In this section, we sometimes mention administrators and other times teachers, but the software makes no such distinction. Students, on the other hand, are generally assigned to groups and have a more limited view of a forum.
A forum consists of a collection of users, a collection of messages, and markup. The intended use of a forum is to support learning in a single offering of one course, say over an academic quarter or semester. Each forum has associated with it a separate database that stores its information.
The features of INFACT-FORUM can be grouped as follows: (a) user account administration, (b) messaging, (c) visibility control, (d) support for annotation and assessment. Let us describe the most important features in each of these categories.
The teacher (or someone given administrative privileges by the teacher) creates accounts for each student, either by entering information for each student in an online form, or by automatically processing a course-roster file that comes from the university registrar's computer system. The teacher defines groups and assigns each student to a group. For group names, we typically use color names that begin with successive letters of the alphabet --for example, "Amber", "Beige", "Chartreuse", etc. Once students have accounts and have been told their passwords, they can log onto INFACT-FORUM and participate in online discussions. Administrators have the ability to post messages just as students do, except that they may choose to post to any or all of the groups at once.
Students logging onto INFACT forum see a list of subject lines for postings in their group. The list is similar to those shown in other threaded newsgroup archives. INFACT-FORUM uses the threaded approach to message organization, as opposed to linear format (Woolley, 1998) . In typical usage, a student sees only messages for his or her own group. However, the administrator can set any group to have its messages visible to all member of the forum, if desired. Students can post messages for their group, and they can reply to any message in their group. Typically, they begin their discussion by posting replies to a teacher's message, the teacher having posted the message to all groups.
Perhaps the most unique features of INFACT-FORUM have to do with special controls, available to administrators, for the visibility of student messages. While it is common in text-conferencing systems to provide moderators with ways to delete or hide offensive or off-topic messages, INFACT-FORUM, as a system to support diagnosis of individual student preconceptions, allows an administrator to make student responses to the teacher's questions hidden from other students, either indefinitely or until a particular time. We refer to this feature as "the curtain," because unhiding a student's message is like raising the curtain on a stage to reveal something anticipated. The teacher raises the curtain to begin the group discussion phase of the cycle. For simply censoring, there is a facility for an administrator to hide a message from all users, without upsetting the thread structure in any way.
Keeping the curtain lowered for the first phase of a discussion helps to keep each student's initial response to the challenge question an individual response rather than a response informed by peers. This provides a mechanism by which to engage every student in the discussion by forcing them to commit to an interpretation or possible solution before benefit of group ideas. The possibility of later raising the curtain permits all students to then share their personal views of the challenge without having to retype it or re-express it. The curtain can be raised by the administrator directly or at a time entered by the administrator.
The curtain does not stop all communication within each group, but is particular to threads as specified by the administrator. The administrator closes the curtain on a new thread by posting a message and requesting that all replies to the message be hidden to others (except the author and administrators) and specifying whether and when to raise the curtain.
Another feature of INFACT-FORUM is that it does not encourage students to use complex HTML or non-textual media. Besides simplifying the medium for students, this greatly facilitates technical aspects of annotation and INFACT-style assessment. Other text conferencing tools typically make it difficult to integrate annotation software for marking up messages. INFACT-FORUM provides a substrate for INFACT-MARKUP, and that means that textual selections within messages can be positively identified by starting and ending positions. This makes it possible for assessment records to contain precise representations of the evidence for the assessments. (Tanimoto et al, 2000) . Although, INFACT-FORUM does not include formatting features for posting graphically sophisticated messages, it does have a preview feature that lets a user see how the message would appear to others before having to commit to the posting. An example of a system that places an emphasis on allowing students to link other web material into messages is CaMILE (Guzdial, 2001 ).
At present, INFACT-FORUM does not offer email notification when a reply relevant to a user's message has been made. We may add this feature in the future, although one can argue that it's less important in our active educational context that it is in long-lived, public newsgroups in which there may be extended intervals of inactivity. An earlier version of INFACT provided a teacher, in the midst of assessing students' postings, with a means to send email to a student such that the reply could be easily integrated into the pending assessment record. In general, there is a danger that encouraging the use of email around a forum may lead to the instructor losing much of the communication that might have better taken place within the forum. On the other hand, if students are accustomed to reading email regularly, but not checking the forum regularly, they may need reminders to check in, and email can serve that purpose.
Unlike some conferencing systems, such as HyperNews, messages in INFACT-FORUM are stored not as web pages but as database entries. This facilitates automatic markup, which is a component of the general INFACT system of which INFACT-FORUM is a part. INFACT-FORUM is implemented in Perl, and is server-based. No special plugins are required to use it. Some other INFACT components use Java applets, but the forum, which is where students interact with INFACT, can be accessed with any relatively recent web browser without using Java at all.
INFACT-FORUM is a relatively new system, becoming functional during the Autumn of 2000. It has been used successfully by teachers of physics, psychology, and computer science.
Comparisons to Other Systems
In order to help put INFACT-FORUM into perspective, we make some comparisons to other textual conferencing tools like the Knowledge Forum (formerly CSILE) and HyperNews (HyperNews, 2001 Bereiter, 1996a, 1996b ); it's distributed by Learning in Motion, Inc. While designed as a knowledge-construction tool for students, it can also be used to engage students in discussion (Duschl, 2000) . HyperNews is a system of Perl scripts for managing threaded discussions. Both KF and HyperNews allow icons to be associated with messages to categorize them in indexes. While this may help those users who are skimming an archive to find something, the proper classification by posters makes for additional overhead in posting, and our experience with HyperNews indicates that students often select icons inconsistent with their messages. INFACT-FORUM does not contain features such as icon annotations which relate more to the use of message archives as reference material than representations of discussions. 
